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(57) There are provided an entire new method for 
sucking/determining a liqukJ and a pipetting device 
driven and controlled by the method in which a liquid 
level of a liquid sucked by a nozzle, contamination of a 
liquid with foreign matters, or an interface of a liquid with 
another liquid having different color are determined by 
detecting fluctuation of a light obtained from a liquid 
accommodated in a vessel with a nozrie provided in the 
nozzle for sucking the liquid, and a liquid level, contam- 
ination of a liquid with foreign matters, or an interface of 
a liquid with another liquid having a different color can 
be detected with extremely high-sensitivity without 
being affected by a wavy liquid level by monitoring a 
pipetting chip or an opening section at a tip of a chip in 
a cleaning system as if to visually check the other open- 
ing section of a tunnel from one side thereof. 
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Description 
TECHNICAL FIELD 

The present invention relates to an entirely new 
method for sucking/determining a liquid and a pipetting 
device driven and controlled according to the method, 
and more particularly to a method for sucking/determin- 
ing a liquid in which driving required for upward/down- 
ward movement of a nozzle for sucking a liquid such as 
a sample for a blood serum and a reagent as well as for 
pipetting a liquid to cylinders each for sucking and dis- 
charging the liquid is accurately controlled, so that a liq- 
uid level and a sucking rate of a liquid by the nozzle, and 
contamination of foreign matters therein such as bub- 
bles or fibrins or the like in the liquid can accurately be 
detected, as well as to a pipetting device driven and 
controlled according to the method. 

BACKGROUND ART 

Generally, important matters required for enhanc- 
ing pipetting precision are to detect a level of a blood 
serum sample and a reagent or similar liquid, to meas- 
ure a pipetting rate thereof, to measure an absolute 
sucking rate thereof, to adhere the liquid to the outside 
of the nozzle, and to detect contamination thereof by 
foreign matters such as bubbles and fibrins. 

For this reason, conventionally, a method, has been 
employed, in which an electrode is immersed in the liq- 
uid together with the nozzle and the liquid level is 
detected according to a conductive state with the elec- 
trode so that an inserting rate (distance) of the nozzle to 
the liquid is controlled, but in the case of this method, 
the electrode must be immersed into the liquid, so that 
the electrode must be washed after each measurement 
thereof to prevent cross contamination, and as a result, 
there have been such problems as that a device 
becomes complicated, and that size and cost of the 
device increase. 

Then, recently a method of detecting a liquid level 
using a pressure sensor was proposed. In this method, 
a sucking pressure of the nozzle when a vapor is 
sucked is different from that when a liquid is sucked, so 
that the liquid level is detected by detecting the differ- 
ence between the pressures, whereby an inserting rate 
(distance) of the nozzle to the liquid is controlled, and 
for this reason only the nozzle is contacted with the liq- 
uid, and the method has such advantages as that a 
cleaning function is not required, which makes it possi- 
ble to simplify the device as well as to reduce the costs. 

However, the method of detecting a liquid level 
using a pressure sensor has several problems such as 
that the resolution is low and the sensitivity is not high, 
and also that the method is easily affected by an atmos- 
pheric pressure as well as by pressure change due to 
the sucked air. and also affected by vibrations gener- 
ated due to upward/downward movement of the nozzle 
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as well as by a noise of the pipetting device Itseif or a 
change of a voltage, and for this reason malfunction 
thereof occurs quite often, and the reliability thereof as 
a measuring means is quite low. 
5 An optical liquid level detecting means is far more 
effective as a means to solve the problems as described 
above, and various means in which both an optical fiber 
for irradiating a light therethrough and an optical fiber for 
receiving a light are provided outside the nozzle for 
10 receiving a reflected light from a liquid level with the 
optical fiber for receiving a light to detect the level 
thereby are proposed for the liquid level detecting meth- 
ods based on the conventional technology. 

However, in the liquid level detecting means using a 
75 light for detecting a liquid level based on the conven- 
tional technology, in which both a fiber for irradiating a 
light therethrough and an optical fiber for receiving a 
light are provided outside the nozzle for catching a 
reflected light from a liquid level with the optical fiber for 
20 receiving a light to detect tine level thereby, these fibers 
have to be inserted in parallel to each other together 
with the nozzle into a vessel for a liquid, and for this rea- 
son it can not be denied that the method has a possibil- 
ity of cross contamination caused by the ftoer contacting 
25 with the liquid adhered to the wall surface of the vessel 
for a liquid, and also the amount of light caught by the 
optical fiber for receiving a light Is extremely small, 
which makes it difficult to accurately detect a liquid level, 
and in addition the extremely minute control is required, 
30 which is difficult because there also occur some cases 
where a timing for receiving the reflected light is shifted 
or a light can not be received by the fact that the liquid 
level becomes slightly wavy due to vibrations of the 
device. 

35 The present invention was made to solve the prob- 
lems as described above, and it is an object of the 
present invention to provide an entirely new method of 
sucking/determining a liquid, including, for instance, 
detection of a liquid level in which a light receiving body 

<o is provided in a nozzle, and fluctuation of a light in a dis- 
posable chip such as a pipetting chip and in an opening 
section at the tip of a chip in a cleaning system are 
detected thereby from the side of nozzle under circum- 
stances as if to see the other opening section from one 

45 side of a tunnel, so that it is possible to extremely sensi- 
tively detect a liquid level, contamination by foreign mat- 
ters therein, or an interface between liquids each having 
a different color without being affected by the wavy liq- 
uid level, as well as to provide a pipetting device driven 

so and controlled according to the method. Namely, a 
basic principle of the present invention is characterized 
in that the various types of detecting operation are car- 
ried out by catching a moment as if a light instantly 
changed shows fluctuation in a flash when near-by sub- 

55 stance in a space cut off from the outside of the environ- 
ment is changed in a way, for instance, from vapor to 
liquid. 
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DISCLOSURE OF INVENTION 

To achieve the object as described above, in the 
method of sucking/determining a liquid according to the 
present invention, it is essential to detect variations of 
lights caused by a liquid accommodated in the vessel 
with the nozzle for sucking the liquid. 

In the present invention, a disposable chip or a chip 
in a cleaning system is attached to a lower edge section 
of the nozzle, and the nozzle detects a liquid level by 
receiving fluctuation of a light close to the disposable 
chip or to an opening section at a tip of the chip in a 
cleaning system, for instance, a light reflected from the 
liquid surface. 

Furthermore, in the present invention, not only. the 
liquid level is detected, but also a liquid Is filled in the 
disposable chip or the chip in a cleaning system detach- 
ably attached to the nozzle, a light is passed through the 
liquid in the disposable chip or the chip in a cleaning 
system, and a change of a light amount of the sucked 
liquid is detected, so that, for instance, a suction rate of 
the liquid, transparency thereof, contamination by bub- 
bles therein, clogging and a state that water has been 
exhausted are determined. 

And furthermore, in the present invention, fluctua- 
tion of a light wave length can be detected and a change 
of color is checked by the nozzle, whereby a liquid level 
can also be detected. The color change can be detected 
according to the nozzle to detect a color of the colored 
vessel accommodating a liquid therein through the liq- 
uid, or according to the nozzle to detect a color of a rack 
or a color of a holder in which a transparent vessel 
accommodating a liquid therein is vertically provided, 
through the liquid. It is needless to say that detection of 
color change herein includes detecting an interface on 
which layers are separated by identifying a color of a 
blood clot or a blood coagulant in a process, for 
instance, in which the nozzle is moving downward while 
sucking a blood serum. 

In the present invention, the light is not limited to a 
case of a light which is directly received from the dispos- 
able chip or from the opening section of the tip on the 
chip in a cleaning system attached to the nozzle, and, 
for instance, a light may be irradiated or received 
through a transparent disposable chip or a chip in a 
cleaning system. 

In the present invention, it is desirable that the noz- 
zle itself is formed with a light transmitting material in a 
tubular form, or only the lower edge section thereof is 
formed with the light transparent material, or a flux of 
optical fibers are provided therein. 

In this case, it is desirable that a lens body is pro- 
vided in the tip section of a disposable chip or a chip in 
a cleaning system in the nozzle, for instance, in a 
slightly lower side than the opening section in the tip of 
the disposable chip or the lower edge thereof, so that 
the lens can be focused at a position where fluctuation 
of an amount of received light can be checked with high- 



precision. The lens may be used depending on condi- 
tions of a form or a length of a chip, diameter of an 
opening section, light-proof property or the like, and in 
this case, the lens may be provided in any of a light irra- 

5 diating section and/or a light receiving section, and a 
concave lens may be used as well as a convex tens, or 
a plurality of concave and convex lenses may be com- 
bined to be used. 

In the present invention, a light is supplied to a liq- 

10 uid accommodated in a vessel through a nozzle itself or 
a fiber for light irradiation and a light receiving fiber each 
provided inside the nozzle, or is supplied from the out- 
side of the nozzle. 

A supply of a light from the outside of the nozzle 

75 includes irradiation of a light from the outside of a trans- 
parent vessel for a liquid to a liquid, or irradiation of a 
light to a liquid through a disposable chip or a chip in a 
cleaning system in addition to irradiation of a light from 
an optical fiber provided near the outside of the nozzle 

20 to a liquid. It is needless to say that, irradiation of a light 
is not limited to a case where a light is irradiated contin- 
uously, but a light may be irradiated by blinking it at cer- 
tain time intervals. 

Data obtained by the method for sucking/determin- 

25 ing a liquid having the construction as described above 
is preferably used as data for controlling a pipetting 
device in which driving required for pipetting a liquid to 
cylinders for moving upward/downward the nozzle as 
well as for sucking/discharging a liquid is controlled. 

30 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is an explanatory view showing schematic 
configuration of a pipetting device according to a first 

35 embodiment ot the present invention; Fig. 2 is an 
explanatory view showing schematic configuration of a 
pipetting device according to a second embodiment of 
the present invention; Fig. 3 is an explanatory view 
showing schematic configuration of a pipetting device 

40 according to a third embodiment of the present inven- 
tion; Fig. 4 is a cross-sectional view showing a state in 
which a lens body is provided in the light irradiating 
body and a light receiving body in the pipetting device 
according to a fourth embodiment of the present inven- 

45 tion; Fig. 5 is an explanatory view showing schematic 
configuration o1 a pipetting device according to a fifth 
embodiment of the present invention; Fig. 6 is an 
explanatory view showing schematic configuration of a 
pipetting device according to a sixth embodiment of the 

50 present invention; Fig. 7 is an explanatory view showing 
schematic configuration of a pipetting device according 
to a seventh embodiment of the present invention; Fig. 
8 is an explanatory transverse sectional view showing a 
level (a surface area) of a liquid to be sucked in a case 

65 where it is detected whether a sucked amount of liquid 
is sufficient or not with the pipetting device according to 
an eighth embodiment of the present invention; Fig. 9 is 
an explanatory transverse sectional view showing a 
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state of the surface of a sucked liquid when contamina- 
tion of a liquid by foreign matters contained therein is 
detected with the pipetting device according to a ninth 
embodiment of the present invention; Fig. 10 is an 
explanatory view showing a transmission path for a light 
when a cleaning chip in the pipetting device according 
to a tenth embodiment of the present invention is empty; 
and Fig. 11 is an explanatory view showing a transmis- 
sion path for a light when inside of the cleaning chip in 
the pipetting device is filled with a cleaning liquid. 

BEST MODE FOR CARRYING OUT INVENTION 

Detailed description is made for embodiments of 
the present invention with reference to the related draw- 
ings. 

Fig. 1 shows schematic configuration of a pipetting 
device to which the method for sucking/determining a 
liquid according to the first embodiment of the present 
invention is applied, and the pipetting device basically 
comprises a nozzle 2 communicated with and con- 
nected to a cylinder 1 ; an arm 3 for holding the nozzle 2; 
a drive mechanism 4 for moving the arm 3 upward and 
downward; a motor 5 for operating the drive mechanism 
4; a driving circuit 6 for controlling regular/reverse rota- 
tion of the motor 5; and a disposable chip 8 detachably 
attached to the lower edge section 7 in the nozzle 2, 

The nozzle 2 is moved downward at a specified 
position by the drive mechanism, the liquid level WL is 
detected by a liquid level detecting mechanism 
described later, then a liquid 10 such as a serum or a 
reagent accommodated in a vessel 9 is sucked, and 
then the pipetting device moves upward to discharge 
the sucked liquid to another vessel (not shown herein). 
It should be noted that each of the basic configurations 
of the pipetting devices according to the present inven- 
tion is the same as that which is well known so long as 
a particular mention is not made in the present specifi- 
cation, so that detailed description thereof is omitted 
herein. 

In the nozzle 2, a hole 2a through which a liquid is 
passed along the longitudinal direction in the center 
section of the nozzle 2 constructed as same as the noz- 
zle based on the conventional technology is formed, the 
upper edge section of the hole 2a is communicated with 
and connected to the cylinder 1 . and at the same time in 
the nozzle 2. the liquid level detecting mechanism com- 
prising a light irradiating body 1 1 having an optical fiber 
or a flux of more than two optical fibers and a light 
receiving body 12 is incorporated, and the lower edge 
sections of the light irradiating body 1 1 and of the light 
receiving body 12 are arranged each in its exposed 
state in the bottom surface of the lower edge section 7 
in the nozzle 2 formed in a reversed convex shape. 

Connected to the upper edge section of the light 
irradiating body 11 is a light emitting section 13 for emit- 
ting and supplying a light, the light emitting section 13 
supplies a light to a light irradiating body 11, the light 



irradiated from the lower edge section of the light irradi- 
ating body 11 is reflected on the liquid surface WL and 
is received by the light receiving body 12, then the 
received and reflected light is converted to a voltage by 

5 a photoelectric converting section 14 connected to the 
upper edge section of the light receiving body 12. a sig- 
nal for the converted voltage value is sent to an A/D 
converter 15 for converting it to a digital signal, the dig- 
ital signal from the A/D converter 1 5 is received by the 

70 control section 16 (e.g. microcomputer) for executing a 
various types of controlling, and the data for a control 
signal outputted from the control section 16 is displayed 
on a display means 21 comprising a CRT or the like. 
The control section 16 comprises an input interface 

75 17 for receiving a digital data signal from the A/D con- 
verter 15; a ROM 18 for storing therein a program 
required for computing an inputted signal; a CPU 19 for 
executing a specified computing according to a program 
stored in the ROM 18; a RAM 20 for temporarily storing 

20 therein a result of conputing or data; an output interface 
22 for outputting a control signal to various objects to be 
controlled or to the display means 21 in the device; and 
a timer 23. It should be noted that the CPU 19 previ- 
ously stores therein, for instance, specified values or 

25 predetermined values identifying a reflected state of a 
light, executes computing and determining such as 
comparing the specified values or the predetermined 
values to measured values, and transmits an instruction 
for driving and controlling each of the mechanisms 

30 according to the determination. 

Intrusion of a light from outside or leak of a light 
transmitted through a light irradiating body 11 and a 
light receiving body 12 can be prevented without fail by 
cutting off a light with each of light-proof film layers in 

35 which the peripheral surface of the nozzle 2 and an 
internal peripheral surface of the hall 2a. or a peripheral 
surface of the light irradiating body 11 and the light 
receiving body 12 are subjected to coloring to black or 
the like or to mirroring respectively, so that a clear light 

40 signal without any noise can be transmitted, which 
makes it possible to control more smoothly the control 
section. It is needless to say that each of the lower edge 
sections of the light irradiating body 1 1 and light receiv- 
ing body 12 is formed, for instance, to a convex lens 

45 form, and also formed to a form in which the transmitted 
light is focused to near the opening at a tip section of the 
disposable chip 8. and the light reflected on the liquid 
surface enters into the nozzle 2 for being transmitted. 
Next, a description is made for operations of detect- 
so ing a liquid level in the pipetting device constructed as 
described above. 

When liquid level detection is instructed to the con- 
trol section 16, the control section 16 outputs a control 
signal to the light emitting section 13, and the light emit- 

55 ting section 13 supplies a light to the light irradiating 
body 11. A supply of the light is executed continuously 
or executed by blinking it at certain time intervals. Then, 
simultaneously when the light is supplied, the control 
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section 16 also outputs a control signal to the driving cir- 
cuit 6. and the driving drcuit 6 moves the arm 3 down- 
ward into the vessel 9 for a liquid with the motor 5. 
Further, the control section 16 starts moving the arms 
downward and the timer 23 incorporated therein starts 
counting. 

In association with the downward movement of the 
arm 3. the light irradiated from the light irradiating body 
1 1 into a disposable chip 8 is, as shown in Fig. 1 , irradi- 
ated from the opening section 8a at the tip thereof onto 
a liquid surface WL, and the light reflected on the liquid 
surface WL enters again from the opening section 8a at 
the tip thereof into the disposable chip 8 and Is, received 
by the light receiving body 12. 

Namely, the light outputted from the opening sec- 
tion 8a at the tip of the disposable chip 8 through the 
light irradiating body 1 1 and irradiated to the liquid sur- 
face WL, when the opening section 8a at the tip thereof 
is above the liquid surface, is reflected on the liquid sur- 
face WL. or passed under the water, so that the light 
hardly returns to the opening section 8a at the tip 
thereof, and for this reason, the amount of a light 
received by the light receiving body 12 is at a low level. 

An amount of a light received by the light receiving 
body 12 while the disposable chip 8 is moving down- 
ward to a certain position is not changed much. 

Then, when the disposable chip 8 has moved 
downward to the certain position, and a light going out 
from the opening section 8a at the tip thereof through 
the light irradiating body 11 and irradiated to the liquid 
surface WL is reflected on the liquid surface WL and 
again received into the disposable chip 8 from the open- 
ing section 8a at the tip thereof, an amount of a light in 
the disposable chip 8 cut off from the outside environ- 
ment momentarily becomes at a high level, so that the 
light amount at that moment is detected, and the 
detected amount thereof is compared to a specified 
value or identified as a predetermined value. In this 
case, a reflected light can be caught at more accurate 
timing if the cylinder 1 is moved downward while suck- 
ing a liquid. 

The photoelectric converting section 14 succes- 
sively converts the change of the light amount during 
the time described above to a voltage value, and the 
control section 16 compares the voltage value to the 
specified value or identifies that as a predetermined 
value, and immediately terminate the downward move- 
ment of the arm 3 and/or the sucking operation by the 
cylinder 1. 

The signal for voltage value obtained as described 
above is converted to a digital signal with the A/D con- 
verter 15, and the fluctuations of the series of voltage 
can be stored in the control section 16. 

The control section 16 measures with the timer 23 
a period of time required from start of measurement 
until a point of time when the maximum voltage value is 
obtained, and computes a liquid level WL corresponding 
to a time previously stored therein with the CPU 1 9. The 



data as to whether the liquid level WL has been 
detected or not is displayed on the display means 21 
comprising a CRT or the like. In the embodiment, how- 
ever, description was made for a case where a liquid 

5 level was detected by using the timer 23 as an example, 
but the present invention is not limited to the case 
described above, and It Is possible to detect a liquid 
level (position for driving) by using, for instance, a well 
know), pulse or an encoder. 

10 When the liquid level is detected as described 
above, the control section 16 provides an instruction to 
the driving circuit 6 to move the arm 3 downward, and 
the arm 3 descends for the distance instructed by the 
control section 16 according to the instruction, so that 

75 the tip section of the disposable chip 8 is inserted into 
the liquid 10. and a required amount of the liquid 10 in 
the vessel 9 for a liquid Is sucked Into the disposable 
chip 8 with the cylinder 1 sucking the liquid according to 
an instruction by the control section 16. 

20 In the pipetting device accordlr>g to the embodi- 
ment, as described above, a momentary specified value 
or a momentary predetermined value when fluctuation 
of the amount of received light reflected on the liquid 
surface in a space section formed by the disposable 

25 chip 8 is extremely different can be caught as a noise- 
less clear signal without being affected by the outside, 
so that a liquid level can be detected with high-preci- 
sion, and the nozzle 2 itself Is not contacted with the 
Inside surface of the vessel 9 for a liquid, which makes It 

30 possible to prevent cross contamination without fail. 

It should be noted that, in the first embodiment, 
description was made for a case where the lower edge 
section of the light irradiating body 1 1 Is exposed to the 
lower edge section of the nozzle 2 as an example, but. 

35 as described In the second embodiment shown in Fig. 
2, the same effect can be obtained even if the lower 
edge section of the light irradiating body 11 Is led to the 
outside of the nozzle 2. and a light is irradiated from the 
outside of nozzle 2, is reflected on the liquid surface 

40 WL, and the light reflected thereon Is received by the 
light receiving body 12 provided in the lower edge sec- 
tion of the nozzle 2 through the opening section 8a at 
the tip thereof. 

Fig. 3 shows the third embodiment according to the 

45 present invention, and in this embodiment, the device 
can also be constructed so that the lower edge sections 
of the light irradiating body 11 and the light receiving 
body 12 are provided in the side section of the lower 
edge section 7 of the nozzle 2 In the exposed state 

so respectively, and the disposable chip 8 may be formed 
with a transparent and photoconductive material, and in 
that case a light irradiated from the light Irradiating body 
11 passes through the disposable chip 8 and is irradi- 
ated to the liquid surface WL through the opening sec- 

55 tion 8a at the tip of the disposable chip 8, the reflected 
light again passes through the disposable chip 8, and 
the amount of the tight can be detected with the light 
receiving body 12. 
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Fig. 4 shows the fourth embodiment according to 
the present invention, and in this embodiment, a focus- 
ing lenses 24A, 24B are provided each at a positions 
lower than each of the lower edge sections of the light 
irradiating body 1 1 and the light receiving body 12, the 5 
light irradiated from the light irradiating body 11 is 
focused at a point on the liquid surface WL, so that a 
brighter reflected light can be caught, and the resolution 
can further be improved. 

The focusing lenses 24A. 24 B may be concave 10 
lenses or convex lenses, or may be a combination 
thereof, and also the irradiated light may be focused not 
only on the point F-i on the liquid surface, but also a 
center Fg of the opening section 8a at the tip of the dis- 
posable chip 8, or at a position F3 slightly above the is 
opening section 8a at the tip of the disposable chip 8 or 
at any other appropriate position so long as a change in 
a quantity of received light can accurately be detected. 
The focusing lenses 24A. 248 may be provided in either 
one of the light irradiating body 1 1 or the light receiving 20 
body 12. but in the present embodiment, a lens is 
always provided in the side of the light receiving body 
12. However, in the present invention, the focusing lens 
described above may not always be provided therein, 
and it is quite possible to detect how high the liquid level 2S 
WL is even if a light irradiated from the light irradiating 
body 1 1 is supplied to the liquid surface without focusing 
the light thereon. 

On the external and internal peripheral surfaces of 
the chip nozzle 8 shown in Fig. 4. light-proof film layers 30 
25, 26 each subjected to a coloring to black or mirroring 
are formed respectively. By forming the light-proof film 
layers 25. 26 each on the external peripheral surface as 
well as on the internal peripheral surface of the dispos- 
able chip 8, intrusion of a light from the outside into the 36 
chip and a leak of a light transmitted therethrough can 
be prevented without fail, so that a clear light signal 
without any noise can be received with the light receiv- 
ing body 12, and a control can more smoothly be pro- 
vided- 40 

Fig. 5 shows configuration of a nozzle section in a 
pipetting device according to a fifth embodiment of the 
present invention, and the embodiment shows a case 
where the light receiving body 12 is provided at the 
center of the nozzle 2, and outside the light receiving 45 
body 12 a ring-shaped light irradiating body 11 is pro- 
vided at a specified gap therefrom, and the ring-shaped 
gap formed between the light irradiating body 11 and 
light receiving body 12 is communicated with and con- 
nected to the cylinder 1 as a suction hole K, and other so 
configuration and effects thereof other than those 
described above are the same as those in the first 
embodiment, so that the same reference numerals used 
in the first embodiment are assigned to the portions cor- 
responding thereto in the figure and detailed description ss 
thereof is omitted herein. 

Fig. 6 shows a pipetting device according to a sixth 
embodiment of the present invention, and the embodi- 



ment shows a case where the invention is applied to a 
pipetting device for pipetting, for instance, a reagent or 
other liquid accommodated in a bottle 30, in which the 
light receiving body 12 is provided at the center of the 
nozzle 2. the light irradiating body 11 formed in a ring 
shape is provided outside the light receiving body 12, 
arxJ a suction hole K for sucking the liquid in the bottle 
30 is provided outside the light irradiating body 1 1 , and 
other configuration and effects thereof other than those 
described above are the same as those in the first 
embodiment, that the same reference numerals used in 
the first embodiment are assigned to the portions corre- 
sponding thereto in the figure and detailed description 
thereof is omitted herein. 

Fig. 7 shows a seventh embodiment of the present 
invention, and in this embodiment, the same configura- 
tion in the nozzle side is formed as that in the third 
embodiment, and a light is irradiated from the outside of 
a colored or transparent vessel 9 for a liquid or of a rack 
27 in which the vessel 9 is vertically provided, an 
amount of a light or change of color (a light wave length) 
reflected on the surface of the liquid 10 is detected 
through the liquid 10 accommodated in the vessel 9 for 
a liquid. It should be noted that detection according to 
color as described above can also be executed in the 
configuration of the first embodiment. 

As described above, like in a case where a light 
amount is detected, a position of a liquid level WL can 
be detected even if a change of a light wavelength 
(color) is detected by the light receiving body 12. 

By constructing the device so that color can be 
detected as described above therein, in a case where 
two colors of liquid in the vessel 9 for a liquid, for 
instance, "a blood serum and a blood clof or "a blood 
serum, a blood coagulant, and a blood clot" are sepa- 
rated to a layered state by centrifugation and accommo- 
dated therein, an interface between a blood serum and 
other substances can be detected according to a 
change of the color thereof by slowly moving down the 
disposable chip 8, which makes it possible to prevent 
contamination of the chip and a blood coagulant or a 
blood clot effectively and without fail. 

Fig. 8 shows an eighth embodiment of the present 
invention, and in this embodiment, determination can 
easily be made as to whether an sucked amount of a liq- 
uid is sufficient or not by detecting a reflected area of 
the liquid 10 or a difference of the reflection height 
sucked into the disposable chip 8 according to 
increase/decrease of the light amount. 

Fig. 9 shows a ninth embodiment of the present 
invention, and in this embodiment, in a case where a liq- 
uid (blood serum) sucked into a disposable chip 8 is 
contaminated with foreign matters B such as bubbles or 
fibrins, a light amount received by the light receiving 
body 12 varies due to the foreign matters B as com- 
pared to that in the normal case, so that successive fluc- 
tuations of the light amount due to contamination 
thereof with the foreign matters B can easily be 
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detected to determine whether or not the liquid is con- 
taminated with the toreign matters B. 

Fig. 1 0 and Fig. 1 1 show a tenth embodiment of the 
present invention, and the embodiment shows a case 
where an engaging section 32 of the chip 31 in a clean- 
ing system formed to a reversely convex ring shape is 
formed at the lower edge section of the nozzle 2. the 
lower edge sections of the light irradiating body 11 and 
light receiving body 12 are exposed each to the inside of 
the engaging section 32, and a light irradiated from the 
light Irradiating body 1 1 can be engaged in the engaging 
section 32 of the nozzle 2 and received by the light 
receiving body 12 through the chip 31 in a cleaning sys- 
tem formed with a transparent material, and other con- 
figuration and effects thereof other than those described 
above are substantially the same as those in the first 
embodiment, so that the same reference numerals used 
in the first embodiment are assigned to the portions cor- 
responding thereto in the figure, and detailed descrip- 
tion thereof is omitted herein. 

When the chip 31 in a cleaning system is detacha- 
biy attached to the nozzle 2 as described above, and in 
a case where inside of the chip 31 is "empty" as shown 
in Fig. 10. a light irradiated from the light irradiating body 
1 1 passes through the chip 31 to the opening section at 
the chip 31 in a cleaning system, again passes through 
the chip 31 in a cleaning system therelrom to the light 
receiving body 12, and is received thereby, so that 
determination can be made as to whether the chip 31 is 
"empty (exhausted state)" or not by previously measur- 
ing an amount of received light in this step. 

When inside of the chip 31 is in a state of *1illed with 
a cleaning water" as shown in Fig. 11, a light irradiated 
from the light irradiating body 11 passes through the 
cleaning water from the chip 31. again passes through 
the chip 31 in a cleaning system, and is received by the 
light receiving body 12, so that determination can be 
made as to whether the chip 31 is in a state of "filled 
with a cleaning water" or not by previously measuring 
an amount of received light in this step. 

However, in the embodiments shown in Fig. 10 and 
Fig. 11, the outer surface of the chip 31 in a cleaning 
system should preferably be subjected to the same 
light-proof processing, because detecting conditions 
are not affected from outside of the chip 31 . so that the 
detection thereof with higher precision can be executed. 

As described above, in the present invention, 
assuming a case where sucking/determining a liquid on 
a liquid level are executed by using a light, a nozzle is 
used as a light receiving body, which makes it possible 
to detect a level of a liquid sucked by the nozzle, without 
being affected by any measuring conditions outside the 
chip, and in addition the light receiving body is provided 
in the nozzle, which makes it possible to prevent without 
fail generation of cross contamination caused by con- 
tacting the light receiving body with a liquid. 

In the present invention, not only the liquid level is 
detected, but also a liquid is filled in the disposable chip 



or the chip in a cleaning system detachably attached to 
the nozzle, a light is passed through the liquid in the dis- 
posable chip or the chip in a cleaning system, and fluc- 
tuation of a light amount of the sucked liquid is detected. 

5 so that, for instance, a sucked amount of the liquid, 
transparency thereof, contamination by bubbles therein, 
clogging and a state when water has been exhausted 
are determined. 

Furthermore, in the present invention, fluctuation of 

10 a light wave length can be detected and a change of 
color is checked by the nozzle, whereby a liquid level 
can also be detected. 

In the present invention, the color change can be 
detected according to the nozzle to detect a color of the 

75 colored vessel accommodating a liquid therein through 
the liquid, or according to the nozzle to detect a color of 
a rack or a color of a holder in w^ich a transparent ves- 
sel accommodating a liquid therein is vertically pro- 
vided, through the liquid, which makes it possible to 

20 detect a liquid level corresponding to a change of color 
environment outside of the disposable chip. 

With the present invention, a color of a blood clot or 
a blood coagulant can be identified in a process in 
which the nozzle is moving downward while sucking a 

25 blood serum, so that an interface on which layers are 
separated can easily be detected. 

In the present invention, the light is not limited to a 
case of a light which is directly received from the dispos- 
able chip or from the opening section of the tip in the 

30 chip in a cleaning system attached to the nozzle, and, 
for instance, a light may be irradiated or received 
through a transparent disposable chip or a chip in a 
cleaning system. 

In this case, an external surface and/or an interna! 

35 surface of the disposable chip or the chip In a cleaning 
system except a portion for transmitting a light is coated 
with a black film or a mirror film, or the chip is subjected 
to a light-proof processing such as coloring, whereby 
fluctuations of the light can be detected with high sensi- 

40 tivity and accuracy. 

In the present invention, the nozzle itself is formed 
with a light transmitting material in a tubular form, and a 
light irradiating section and a light receiving section are 
formed in the nozzle formed with the light transparent 

45 material, or only the lower edge section thereof is 
formed with the light transparent material, or optical fib- 
ers are provided therein, so that a liquid level can be 
detected with high-precision without any restriction of 
liquid sucking operations by the nozzle. 

50 With the present invention, the light receiving edge 
section of the optical fibers is provided in the bottom 
surface or the side section of the nozzle, so that a 
reflected light entering into the disposable chip can be 
caught without fail. It is needless to say that the nozzle 

55 Is desirably subjected to a light-proof processing. 

In the present invention, lights supplied from the 
light irradiating body are not necessarily focused, but 
depending on conditions such as a form or a length of a 
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chip, a diameter of an opening section, and a light-proof 
property or the like« a lens body focused at a point 
where the change of the amount of received light can be 
checked with high-precision, at the tip of a disposable 
chip or a chip in a cleaning system, said point located, 
for instance, at an internal opening section at the tip of 
disposable chip or at a position slightly lower from a 
lower edge of the disposable chip, and in this case, a liq- 
uid level can be detected with high-precision without 
any noise therein. 

In the present invention, a light is supplied to a liq- 
uid accommodated in a vessel by transmitting it contin- 
uously through a nozzle or blinking It in a flash 
therethrough or by means of the optical filters, or is sup- 
plied from the outside of the nozzle. 

Data obtained by the method for sucking/determin- 
ing a liquid having the construction as described above 
is used as data for controlling a pipetting device in which 
driving required for pipetting a liquid to cylinders for 
moving upward/downward the nozzle as well as for 
sucking/discharging a liquid is controlled, which makes 
it possible to realize a high-precision control. 

INDUSTRIAL APPLICABILITY 

As described above, the method for sucking/deter- 
mining a liquid according to the present invention and a 
pipetting device driven and controlled according to the 
method are applicable to using for works such as quali- 
fying, quantifying, separating, and pipetting a specimen 
or a sample, identifying a liquid level, and checking 
whether contents of pipetting is satisfied or not each in 
a clinical inspection. In addition, it is applicable to using 
for works such as qualifying, quantifying, separating, 
and pipetting a used drug, identifying a liquid level, and 
checking whether contents of pipetting is satisfied or not 
each in a chemical analysis, for works such as qualify- 
ing, quantifying, separating, and pipetting a specimen 
and a sample, identifying a liquid level, and checking 
whether contents of pipetting is satisfied or not each in 
a DNA analysis, for works such as qualifying, quantify- 
ing, separating, and pipetting a used drug, identifying a 
liquid level, and checking whether contents of pipetting 
is satisfied or not each in a system of producing drugs, 
for works such as qualifying, quantifying, separating, 
and pipetting a specimen and a sample, identifying a liq- 
uid level, and checking whether contents of pipetting is 
satisfied or not each in a bacteria and virus inspection, 
for works such as qualifying, quantifying, separating, 
and pipetting a specimen and a sample, identifying a liq- 
uid level, and checking whether contents of pipetting is 
satisfied or not each in a water quality inspection, and 
furthermore for works such as qualifying, quantifying, 
separating, and pipetting a used drug, identifying a liq- 
uid level, and checking whether contents of pipetting is 
satisfied or not each in color synthesis. 
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Claims 

1. A method for sucking/determining a liquid, wherein 
fluctuation of a light obtained from a liquid accom- 

5 modated in a vessel is detected by a nozzle for 

sucking the liquid. 

2. A method for sucking/determining a liquid accord- 
ing to claim 1, wherein a disposable chip or a chip 

10 in a cleaning system is attached to the lower edge 
section of said nozzle, and said nozzle receives 
fluctuation of a light around an opening section at a 
tip of sad disposable chip or the chip in a cleaning 
system. 

3. A method for sucking/determining a liquid accord- 
ing to claim 2. wherein said nozzle detects a liquid 
level by detecting a state in which a tight reflected 
from a liquid surface has come into the opening 

20 section at the tip of the disposable chip. 

4. A method for sucking/determining a liquid accord- 
ing to claim 1 , wherein a liquid is filled in a disposa- 
ble chip or a chip in a cleaning system detachably 

26 attached to said nozzle, and a light is received by 
said nozzle through a liquid in said disposable chip 
or said chip in a cleaning system. 

5. A method for sucking/determining a liquid accord- 
30 ing to claim 4. wherein said nozzle determines a 

sucking rate of a liquid, transparency, contamina- 
tion thereof with a bubble, and a clogged state or a 
water-exhausted state of a chip by detecting fluctu- 
ation of a light amount of the sucked liquid. 

35 

6. A method for sucking/determining a liquid accord- 
ing to any of claim 4 to claim 5, wherein said nozzle 
recognizes a change of color by detecting a change 
of a light wave length. 

40 

7. A method for sucking/determining a liquid accord- 
ing to any of claim 4 to claim 6, wherein said nozzle 
detects a color of a colored vessel accommodating 
a liquid therein through the liquid. 

45 

8. A method for sucking/determining a liquid accord- 
ing to any of claim 4 to claim 6, wherein said nozzle 
detects a color of a rack or a holder, in which a 
transparent vessel accommodating a liquid therein 

50 is provided in the upright state, through the liquid. 

9. A method for sucking/determining a liquid accord- 
ing to any of claim 4 to claim 8. wherein said nozzle 
detects an interlace with a solid surface or a liquid 

55 surface contacting the bottom surface of the sucked 
liquid by determining a change of a light amount or 
a light wave length in a state where said disposable 
chip is sucking the liquid. 
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10. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 9. wherein said light is 
transferred through the disposable chip or the chip 
in a cleaning system detachably connected to said 
nozzle. 

11. A method for sucking/determining a liquid accord- 
ing to claim 10» wherein an outer surface of said 
disposable chip or said chip in a cleaning system is 
subjected to a light-proof processing. 

12. A method for sucking/determining a liquid accord- 
ing to claim 1 1 , wherein said light-proof processing 
is a coloring processing subjected to an outer sur- 
face of said disposable chip or chip in a cleaning 
system and effective to a light-proof processing. 

13. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 12, wherein said noz- 
zle is formed with a light transmitting material in a 
tubular form. 

14. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 12, wherein at least a 
lower edge section of said nozzle is formed with a 
light transmitting material. 

15. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 12, wherein an optical 
fiber is provided in said nozzle. 

1 6. A method for sucking/determining a liquid accord- 
ing to claim 15, wherein a light receiving edge sec- 
tion of said optical fiber is provided in a bottom 
surface or a side section of said nozzle. 

17. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 16, wherein said noz- 
zle is subjected to a light-proof processing. 

18. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 17, wherein a lens 
body focused at a position where fluctuations of an 
amount of the received light around the tip section 
of the chip-can be recognized with high precision, is 
provided in said nozzle. 

19. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 18, wherein a supply 
of a light to said liquid is executed through the noz- 
zle formed with said light transmitting material. 

20. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 18, wherein a supply, 
reception, and transmission of a light to said liquid 
is executed through a fiber for a light irradiating or a 
light receiving fiber provided in said nozzle. 



21. A method for sucking/determining a liquid accord- 
ing to any of claim 1 to claim 18. wherein a supply 
of a light to said liquid is executed from outside of 
said nozzle. 

5 

22. A pipetting device, in which driving required for 
pipetting a liquid to cylinders for moving 
upward/downward said nozzle as well as for suck- 
ing/discharging a liquid is controlled according to 

10 data value obtained by the method for suck- 
ing/determining a liquid according to any of said 
claims 1 to 21. 
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